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1
VIDEO MATRIX CONTROLLER

BACKGROUND OF THE INVENTION

Field of the Invention

This ivention relates to a video controller, and in par-
ticular, 1t relates to a video matrix controller.

Description of Related Art

With the rapid development of new technologies, nfor-
mation technology 1s changing people’s lifestyle. Today,
various types ol video apparatus apply technology, network
and their combination to make 1mage display technologies
more diverse, and 1image resolution 1s also greatly improved,
so that image display methods help consumer to change their
visual impression of products.

Matrix display devices are widely used for outdoor dis-
play such as on the streets. They use multiple display devices
arranged 1 X*X or X*Y video matrices (also called TV
walls). The display devices can receive the same 1mage, or,
an original 1mage can be divided into X*X or X*Y sub-
images, and the sub-images are transmitted to the corre-
sponding display device 1n a predetermined correspondence
order. This way, although the individual display devices
receive different sub-images, by simultaneous display of the
multiple display devices, the original image 1s enlarged and
displayed on the video matrix, to attract consumer’s atten-
tion.

In conventional technology, the original image 1s divided
and transmitted to corresponding display devices by a video
matrix control device (such as a controller, switch, distribu-
tor, converter, etc.). Conventional video matrix control
devices have the following disadvantages: The connection
between the recerving end and the transmitting end 1s
one-to-one; for a large scale matrix system, such as 32%32,
the number of components and their wiring are increased. As
a result, the wiring 1s complex, the wire cost 1s increased,
and the size of the conftrol device 1s increased. It also
increases repair complexity and cost. Also, one-to-one wir-
ing cannot support cross-screen picture-in-picture (PIP) dis-
play and other extended applications. In other words, con-
ventional TV wall mode cannot achieve cross-screen PIP
display.

To solve various problems of the conventional technol-
ogy, 1t 1s desired to simplify the internal structure of the
control devices, reduce the number of internal components
and wiring, reduce the size of the control device, and expand
applications of the control device, for example to achieve
PIP 1n cross-screen mode.

SUMMARY

Accordingly, the present imvention 1s directed to a video
matrix control apparatus that substantially obviates one or
more of the problems due to limitations and disadvantages
of the related art. The wvideo matrix control apparatus
includes a plurality of receiving modules, a matrix switch
module, and a plurality of transmission modules. Each
receiving module includes a plurality of first port interfaces
and a first transceiver element; each first port interface is
configured to receive an i1mage data and convert 1t to a
respective signal. The plurality of first port interfaces are
coupled to the first transceiver element, where the signals
from the plurality of first port interfaces are transmitted to
the first transceiver element. The first transceiver elements
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of the plurality of receiving modules are coupled to the
matrix switch module, and the signals are transmitted to the
matrix switch module via the first transceiver elements. The
plurality of transmission modules are coupled to the matrix
switch module, each transmission module including a sec-
ond transceiver element and a plurality of second port
interfaces. Each of the second transceiver element 1s coupled
to the matrix switch module, configured to receive a plural-
ity of the signals. The plurality of second port interfaces are
coupled to the second transceiver element, each second port
interface configured to convert a respective one of the
signals to a corresponding 1image data, and to transmit the
image data to a corresponding external display device.

To achieve the above object, the number of link pairs
between each first transceiver element and the matrix switch
module 1s M, the number of link pairs between each second
transceiver element and the matrix switch module 1s N, and
N 1s greater than M. More specifically, N/M=8.

To achieve the above object, the number of link pairs
between each recerving module and the matrix switch mod-
ule 1s M, the number of link pairs between each transmission
module and the matrix switch module 1s N, and N 1s greater
than M. More specifically, N/M=S8.

To achieve the above object, the first transceiver elements
and the second transceiver elements are field-programmable
gate arrays (FPGA), and the matrix switch module includes
a crosspoint switch.

To achieve the above object, the video matrix control
device further includes a streaming module, coupled to the
transmission modules and the matrix switch module, for
capturing i1mages from the transmission modules. The
streaming module 1s configured to be coupled to a computer
for displaying the captured images on a display of the
computer. In another aspect, the present imnvention provides
a video matrix control device system, which includes a
processing unit, a memory, a receiving module, a matrix
switch module, and a transmission module. The receiving
module, the matrix switch module and the transmission
module are coupled to the processing unit. The receiving
module includes a plurality of first port interfaces and a first
transceiver element, where the plurality of first port inter-
faces are coupled to the first transceiver element. The
transmission module includes a plurality of second port
interfaces and a second transceiver element, where the
plurality of second port interfaces are coupled to the second
transceiver element.

To achieve the above objects, the matrix switch module 1s
coupled between the receiving module and the transmission
module. The number of link pairs between the receiving
module and the matrix switch module 1s M, the number of
link pairs between the transmission module and the matrix
switch module 1s N, and N 1s greater than M.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram which illustrates a first embodi-
ment of the present invention.
FIG. 2 1s another block diagram which illustrates the first

embodiment of the present invention.

FIG. 3 1s a block diagram which illustrates a second
embodiment of the present invention.

These drawings and the following detailed descriptions
are indented to explain the above aspects and advantages of
embodiments of the present invention.

(L]
Y

ERRED

DETAILED DESCRIPTION OF PR
EMBODIMENTS

Preferred embodiments of the present invention are
described below. These description explains implementation
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details of the embodiments, to allow the reader to understand
the embodiments. However, those skilled 1n the relevant art
would appreciate that the mvention may be implemented
without some of the details. Further, for purposes of clarity
and brevity, well known structures and functions are not 5
described in detail. The terminology used 1n the following
descriptions should be given the broadest reasonable inter-
pretation, even when they are used to describe details of the
embodiments.

Refer to FIG. 1, which 1s a block diagram showing the 10
structure of a video matrix control device 100 (referred to as
device 100) according to a first embodiment. In practical
applications, the device 100 1s disposed between multiple
image sources 30 and multiple 1image output devices 50 (1.e.
the video matrix apparatus). In other words, the device 100 15
can be coupled to multiple different 1mage sources (such as
multimedia players, Blu-ray players, etc.), and also coupled
to multiple different 1mage output devices (such as a video
matrix apparatus). Further, the device 100 can be coupled to
a remote electronic device 40, to allow remote operators to 20
use the remote electronic device 40 to control the video
matrix system, as shown i FIG. 1.

In one embodiment, the device 100 includes at least one
receiving (RX) module 102, at least one transmission (1X)
module 106 and a matrix switch module 104. The matrix 25
switch module 104 1s coupled between the receiving module
102 and the transmission module 106. Each receirving mod-
ule 102 includes multiple first port interfaces (RX PHY)
1022 and a first transceiver element (FPGA) 1024. The
multiple first port interfaces 1022 are all coupled to the one 30
first transceiver element 1024. Each {first port interface 1022
respectively receives image data from an image source 30,
converts the image data to a corresponding signal, and
transmits the signal to the first transceiver element 1024. The
signal may be one of transition-minimized differential sig- 35
naling (TMDS) format signal, low-voltage differential sig-
naling (LVDS) format signal, senializer/desenalizer (Ser-
Des) format signal, transistor-to-transistor logic (1TL)
format signal, or mobile high-definition link (MHL) format
signal, etc. 40

In one embodiment, the first transceiver elements 1024 of
multiple receiving modules 102 are all coupled to the matrix
switch module 104, and each signal 1s transmitted to the
matrix switch module 104 via the corresponding {irst trans-
ceiver element 1024 of the receiving module 102. 45

In one embodiment, each transmission module 106
includes multiple second port interfaces (RX PHY) 1064
and a second transceiver element (FPGA) 1062. The second
port interfaces 1064 are all coupled to the one second
transceiver element 1062. The second transceiver element 50
1062 1s coupled to the matrix switch module 104 to receive
multiple signals. The second port interfaces 1064 respec-
tively convert the multiple signals back to the multiple
original image data, and transmit them to the corresponding
multiple external display devices (1.e. image output devices 55
50).

The matrix switch module 104 includes a processor 1042,

a memory 1044 and a cross-switch umt 1046. The cross-
switch unit 1046 1s coupled to the processor 1042 and
memory 1044. In one embodiment, the cross-switch umt 60
1046 may be a crosspoint switch, a FPGA (field-program-
mable gate array), or shunts combined with a switch. In one
embodiment, the number of link (or line) pairs between each
first transcerver element 1024 and the matrix switch module
104 1s M, and the number of link (or line) pairs between each 65
second transceiver element 1062 and the matrix switch
module 104 1s N, where N 1s greater than M.

4

For example, refer to FIG. 2, which illustrates a preferred
embodiment of the present invention. This embodiment uses
TMDS signal as an example to illustrate the implementation.
The matrix switch module 104 1s coupled to eight receiving
modules 102 on one side. To avoid overcrowding, the figure
only shows two of them and the other six are not shown.
Each receiving module 102 includes four first port interfaces
1022 and one first transceiver element 1024, and each first
port mterface 1022 1s coupled to a respective image source.
Thus, on the left-hand side of FIG. 2, a total of thirty-two
image sources can be coupled. These image sources may be
the same or different. On the right-hand side of FIG. 2, the
other side of the matrix switch module 104 i1s coupled to
eight transmission modules 106. To avoid overcrowding, the
figure only shows two of them and the other six are not
shown. Each transmission module 106 includes four second
port iterfaces 1064 and one second transceiver element
1062, and each second port mterface 1064 1s coupled to a
respective 1mage output device 50. Between each receiving
module 102 and the matrix switch module 104, there 1s one
pair of link, 1.e., M=1. Between each transmission module
106 and the matrix switch module 104, there are eight pairs
of links, 1.e., N=8, so N 1s greater than M. Those skilled 1n
the art should appreciate that the invention 1s not limited to
the configuration shown 1n FIG. 2, and the values of M and
N are not limited to the above example, but can be adjusted
based on practical need, so long as the values of N and M
meet the condition that N 1s greater than M. This way, the
one-to-one wiring within conventional control devices 1s not
needed, and wiring can be simplified.

In one embodiment, as shown 1n FIG. 1, the device 100
further includes a streaming module 108, coupled to the
processor 1042 and the transmission modules 106, for
capturing images irom the transmission modules 106 and
transmitting them to the remote electronic device 40.

Refer to FIG. 3, which illustrates the architecture of a
video matrix control system 200 according to an embodi-
ment of the present invention. The system 200 may be
implemented 1n software, hardware, and/or firmware. Those
skilled 1in the art will appreciate that the various modules
described 1n this disclosure are not limited to individual
components but can be implemented in multiple compo-
nents. For example, the architecture of the video matrix
control system 200 may be implemented 1n multiple com-
puting devices. In one embodiment, the system 200 may be
stored 1 computer readable non-transitory media. For
example, 1t may be partly stored 1n the computing device 40.

The system 200 includes a processing unit 2042, a
memory 2044, a recerving module 202, a matrix switch
module 204, a transmission module 206, and a streaming
module 208. The receiving module 202, the matrix switch
module 204, and the transmission module 206 are all
coupled to the processing unit 2042 and controlled by it. The
matrix switch module 204 1s coupled between the receiving
module 202 and the transmission module 206. The system
200 1s coupled between multiple 1mage sources 30 and
multiple 1mage output devices 50 (1.e. the video matrix
display apparatus). In one embodiment, the receiving mod-
ule 202 1s stored 1in an 1mage source 30, and the transmission
module 206 1s stored 1n an 1mage output device 50, and the
matrix switch module 204 1s stored in the computer 40.

The recerving module 202 includes multiple first port
interfaces (RX PHY) 2022 and a first transceiver element
(FPGA) 2024. The multiple first port interfaces (RX PHY)
2022 are all coupled to the first transceiver element (FPGA)
2024. Each first port imnterface (RX PHY) 2022 respectively
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receives 1mage data from an 1mage source 30, converts it to
a corresponding signal, and transmits the signal to the first
transcerver element 2024,

In one embodiment, the first transceiver element 2024 of
the recerving module 202 1s coupled to the matrix switch

module 204, and the recerving module 202 transmits signals
to the matrix switch module 204 via the first transceiver
clement 2024.

In one embodiment, the transmission module 206
includes multiple second port interfaces (RX PHY) 2064
and a second transceiver element (FPGA) 2062. The second
port interfaces 2064 are coupled to the second transceiver
clement 2062. The second transceiver element 2062 1is
coupled to the matrix switch module 204, to receive multiple
signals. The second port interfaces 2064 convert the multiple
signals to multiple original image data, and transmit them to
the corresponding external display devices (1.e. image output
devices 50).

The matrix switch module 204 includes a cross-exchange
unit 2046. In one embodiment, the cross-exchange unit 2046
1s a crosspoint switch. In one embodiment, the number of
link (or line) pairs between the receiving module 202 and the
matrix switch module 204 1s M, and the number of link (or
line) pairs between the transmission module 206 and the
matrix switch module 204 1s N, where N 1s greater than M.
In one embodiment, the number of link (or line) pairs
between the first transceiver element 2024 and the matrix
switch module 204 1s M, and the number of link (or line)
pairs between the second transceiver element 2062 and the
matrix switch module 204 1s N, where N 1s greater than M.
The values of M and N are not limited to the above example,
but can be adjusted based on practical need, so long as the
values of N and M meet the condition that N 1s greater than
M. For clanty of the drawings and to avoid overcrowding,
FIG. 3 does not 1llustrate the link (or line) pairs between the
receiving module 202, the matrix switch module 204 and the
transmission module 206 of the system 200, but the link pair
configuration can be understood by referring to FIG. 2. It
should be understood that the ratio of N/M 1s not limited to
eight, and can be adjusted based on the number of compo-
nents within the modules. In the system 200, the links or
lines may include wired connections, wireless connections
or their combination.

The port interfaces described in this disclosure include
physical ports and their transmission interfaces. They must
match the interfaces of the image sources 30. For example,
i an 1mage source 30 uses HDMI interface to transmuit
signals, then the corresponding port interface of the device
100 or system 200 should use HDMI interface and the
physical port should use HDMI connectors. The transceiver
clements described in this disclosure may include field-
programmable gate array (FPGA) or other circuits that can
be repeatedly reconfigured, to allow operators to program
them based on practical need.

From the above descriptions, 1t can be seen that compared
to conventional technology, the system architecture accord-
ing to embodiments of the present invention can greatly
reduce the number of components, simplity wiring configu-
ration, and can support cross-screen PIP 1n TV wall mode,
expanding the application of the wvideo matrix control
device.

The descriptions above are provided for explanatory
purposes, and the various specific details are provided for a
thorough understanding of the invention. Those skilled in
the relevant art will be able to implement this mmvention
without certain specific details. In other embodiment, some
well-known structures and devices are not shown in the
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6

block diagrams. Between various elements shown in the
drawings, intermediate structures may be present. The vari-
ous described elements may include additional inputs and
outputs, even though they are not shown in detail 1n the
drawings.

In the various embodiments, certain elements are shown
as separate circuits, but some or all elements may be
integrated into one circuit. Thus, each of the various ele-
ments recited 1n the appended claims may correspond to one
Or more circuits.

Embodiments of the present mvention include various
processing programs, which may be embedded in hard
drives or other computer readable memory and executed by
processors. The processors may be general or special pur-
pose processors or logic circuit that can execute program
instructions, which execute the programs. The various com-
ponents of the embodiments may also be combinations of
hardware and software. The various modules, devices, or
assemblies describe here may include hardware, software or
their combinations. The modules described 1n the embodi-
ments may include software, software data, commands
and/or configurations, and can be implemented by the
described mechanisms, electronics and hardware. Other
aspects of the present invention provide computer program
products, 1including a computer usable non-transitory
medium having a computer readable program code embed-
ded therein, where the program can be executed by proces-
sors or other electronic components to perform the methods
described above. The computer usable non-transitory
medium may include, without limitation, magnetic disks,
optical discs, CD-ROMs, ROMs, RAMs, EPROMs,
EEPROMSs, magnetic memory, optical card, flash memory,
or other computer usable medium suitable for writing and
reading programs. Further, the computer program products
according to embodiments of the present invention may also
be downloadable programs which may be transmitted from
a remote computer to a specified computer.

In the various methods described above, steps or infor-
mation may be added or removed without departing from the
spirit of the invention. Those skilled in the art can further
improve the various embodiments. The embodiments
described above are for explanation only and are not limat-
ng.

In the above descriptions, when 1t 1s said that “component
A 1s connected (or coupled) to component B”, component A
may be directly connected (or coupled) to B, or indirectly
connected (or coupled) to B via component C. When 1t 1s
said that a component, characteristics, structure, process or
property A causes a component, characteristics, structure,
process or property B, 1t 1s meant that A 1s at least a part of
the cause of B, and other component, characteristics, struc-
ture, process or property may also help to cause B. When the
word “may” 1s used, the component, characteristics, struc-
ture, process or property 1s not limited to what 1s described.
Further, the number of various 1tems describes in the speci-
fication 1s not limited to one.

It will be apparent to those skilled 1n the art that various
modification and variations can be made in the apparatus
and related methods of the present invention without depart-
ing from the spirit or scope of the mvention. Thus, 1t 1s
intended that the present invention cover modifications and
variations that come within the scope of the appended claims
and their equivalents.

What 1s claimed 1s:

1. A video matrix control device, comprising:

a plurality of receiving modules, each receiving module

including:
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a plurality of first port interfaces, each configured to
recerve an image data and convert it to a correspond-
ing signal, the signal being one of a transition-
minimized differential signaling (ITMDS) format sig-
nal, a low-voltage differential signaling (LVDS)
format signal, a serializer/deserializer (SerDes) for-
mat signal, a transistor-to-transistor logic (T'TL) for-
mat signal, and a mobile high-definition link (MHL)
format signal; and

a first transcerver element which 1s a field-program-
mable gate array (FPGA), coupled to the plurality of
first port intertfaces, wherein the signals from the
plurality of first port interfaces are transmitted to the
first transceiver element;

a matrix switch module having a cross-switch unit, the
cross-switch unit being one of a crosspoint switch, an
FPGA, or shunts combined with a switch, wherein the
first transcerver elements of the plurality of receiving
modules are coupled to the matrix switch module, and
the signals are transmitted to the matrix switch module
via the first transceiver elements:

a plurality of transmission modules, coupled to the matrix
switch module, each transmission module including:
a second transceiver element which 1s an FPGA,

coupled to the matrix switch module, configured to
recerve a plurality of the signals;

a plurality of second port interfaces, coupled to the
second transceiver element, each second port inter-
face configured to convert a respective one of the
signals to a corresponding 1image data, and to trans-
mit the mmage data to a corresponding external
display device;

a first number (M) of link pairs between each first
transceiver element and the matrix switch module,
wherein each one of the first number of link pairs 1s
configured to fully transmit multiple signals, each
signal being one of a TMDS, LVDS, SerDes, TTL, and
MHL format signals; and

a second number (N) of link pairs between each second
transceiver element and the matrix switch module,
wherein each one of the second number of link pairs 1s
configured to fully transmit a signal which 1s one of a
TMDS, LVDS, SerDes, TTL, and MHL format signals,
and wherein N 1s greater than M,

wherein a total number of all first port interfaces of all
receiving modules equal a total number of number of
all second port iterfaces of all transmission modules,
and wherein the image data from each one of the first
port interfaces 1s transmitted to a corresponding one of
the second port interfaces via one of the first transceiver
elements, the matrix switch module and one of the
second transceiver elements.

2. The video matrix control device of claim 1, further

comprising;

a streaming module comprising software and hardware,
coupled to the transmission modules and the matrix
switch module, for capturing images from the trans-
mission modules.

3. The video matrix control device of claim 2, wherein the

streaming module 1s configured to be coupled to a computer

for displaying the captured images on a display of the

computer.
4. The video matrix control device of claim 1, wherein

N/M=8.
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5. A video matrix control device, comprising:

a recerving module, including;:

a first port interface, configured to receive an image
data and convert i1t to a corresponding signal, the
signal being one of a transition-minimized differen-
tial signaling (TMDS) format signal, a low-voltage
differential signaling (LVDS) format signal, a seri-
alizer/deserializer (SerDes) format signal, a transis-
tor-to-transistor logic (1TL) format signal, and a
mobile high-definition link (MHL) format signal;
and

a first transceiver element which 1s a field-program-
mable gate array (FPGA), coupled to the first port
interface, wherein the signal from the first port
interface 1s transmitted to the first transceiver ele-
ment;

a matrix switch module having a cross-switch unit the
cross-switch unmit being one of a crosspoint switch, an
FPGA, or shunts combined with a switch, wherein the
first transceiver element of the receiving module 1s
coupled to the matrix switch module, and the signal 1s
transmitted to the matrix switch module via the first
transceiver element;

a transmission module, coupled to the matrix switch
module, the transmission module including:

a second transceiver element which 1s an FPGA,
coupled to the matrix switch module, configured to
receive the signal; and

a second port interface, coupled to the second trans-
ceiver element, the second port interface configured
to convert the signal to a corresponding 1mage data,
and to transmit the image data to an external display
device;

a first number (M) of link pairs between the first trans-
ceiver element and the matrix switch module, wherein
cach one of the first number of link pairs 1s configured
to fully transmit multiple signals, each signal being one
of a TMDS, LVDS, SerDes, TTL, and MHL format
signals; and

a second number (N) of link pairs between the second
transceiver element and the matrix switch module,
wherein each one of the second number of link pairs 1s
configured to fully transmit a signal which 1s one of a
TMDS, LVDS, SerDes, TTL, and MHL format signals,
and wherein N 1s greater than M,

wherein a total number of all first non interfaces of all
receiving modules equal a total number of number of
all second port interfaces of all transmission modules,
and wherein the 1image data from each one of the first
port interfaces 1s transmitted to a corresponding one of
the second port interfaces via one of the first transceiver
elements, the matrix switch module and one of the
second transceiver elements.

6. The video matrix control device of claim 5, further

comprising:

a streaming module comprising software and hardware,
coupled to the transmission module and the matrix
switch module, for capturing images from the trans-
mission modules.

7. The video matrix control device of claim 6, wherein the
streaming module 1s configured to be coupled to a computer
for displaying the captured images on a display of the
computer.

8. The video matrix control device of claim 5, wherein

N/M=8.
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9. A video matrix control system, comprising:
a Processor;

a memory;

a receiving module, 1including:

a plurality of first port interfaces, each configured to
recerve an image data and convert it to a correspond-
ing signal, the signal being one of a transition-
minimized differential signaling (I MDS) format sig-
nal, a low-voltage differential signaling (LVDS)
format signal, a serializer/deserializer (SerDes) for-
mat signal, a transistor-to-transistor logic (T'TL) for-
mat signal, and a mobile high-definition link (MHL)
format signal; and

a first transceiver element which 1s a field-program-
mable gate array (FPGA), coupled to the plurality of
first port interfaces, wherein the signal from the first
port interface 1s transmitted to the first transceiver
element;

a matrix switch module having a cross-switch unit, the

cross-switch unit being one of a crosspoint switch, an

FPGA, or shunts combined with a switch, wherein the

first transceiver element of the receiving module 1is

coupled to the matrix switch module, and the signal 1s
transmitted to the matrix switch module via the first
transceiver element;

transmission module, coupled to the matrix switch

module, the transmission module including:

a second transceiver element which 1s an FPGA,
coupled to the matrnix switch module, configured to
recerve the signal; and

a plurality of second port interfaces, each coupled to the
second transceiver element, each second port inter-
face configured to convert a corresponding one of the
signal to a corresponding 1image data, and to transmit
the 1mage data to an external display device;

wherein the receiving module, the matrix switch module

and the transmission module are coupled to the pro-
CEeSSOr,
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wherein the matrix switch module 1s coupled between the
receiving module and the transmission module,

a tin number (M) of link pairs between the first receiving
module and the matrix switch module, wherein each
one of the first number of link pairs 1s configured to
fully transmait multiple signals, each signal being one of
a TMDS, LVDS, SerDes, TTL, and MHL format sig-

nals; and

a second number (N) of link pairs between the second
receiving module and the matrix switch module,

wherein each one of the second number of link pairs 1s

configured to fully transmit a signal which 1s one of a
TMDS, LVDS, SerDes, TTL, and MHL format signals,
and wherein N 1s greater than M,

wherein a total number of all first port interfaces of all
receiving modules equal a total number of number of
all second port interfaces of all transmission modules,
and wherein the 1image data from each one of the first
port interfaces 1s transmitted to a corresponding one of
the second port interfaces via one of the first transceiver
elements, the matrix switch module and one of the
second transceiver elements.

10. The video matrix control system of claim 9, further
comprising;

a streaming module comprising software and hardware,
coupled to the transmission module and the matrx
switch module, for capturing images from the trans-
mission modules.

11. The video matrix control system of claam 10, wherein
the streaming module 1s configured to be coupled to a
computer for displaying the captured images on a display of
the computer.

12. The video matrix control system of claim 9, wherein
N/M=S8.
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